It is highly endothermic and should ideally be performed at high temperatures, low pressures, and high steam/ glycerol ratios to obtain high conversions [9] .
The steam reforming of glycerol generates H 2 and CO 2 as the main gas products and CH 4 and CO at low concentrations, but also other alkanes and liquid by-products can be formed [6] . The series of reactions most widely accepted to represent the steam reforming of glycerol is Eq. (1) 
The overall reaction of steam reforming of glycerol can be written as: Catalysts based on noble metals have a lower sensitivity to carbon deposition and higher activity. Nevertheless, considering the high cost and limited availability of the noble metals, it is more economical to develop catalysts based on non-noble metals such as nickel, with good performance and high resistance to carbon deposition [12] .
Alumina is one of the most widely used supports in catalysis due to its high surface area, which allows a great dispersion of the active phase. In addition, the alumina has relevant characteristics such as high porosity, good mechanical strength and high thermal stability, forming a diffusion barrier that prevents the active phase migration to form clusters of larger particles with lower activity [13] .
The catalyst performance is presented in terms of glycerol conversion and H 2 , CO 2 , CO, and CH 4 selectivity. Performance parameters were calculated based on the following equations:
where RR is the H 2 /CO 2 reforming ratio; it is 7/3 in the case of the glycerol steam reforming.
where species i = CO, CO 2 , and CH 4 .
Results and discussion

Catalyst characterization
The chemical composition of the synthesized catalysts is presented on Table 1 . As expected, the NiO loading of the catalysts was very close to the nominal value (20 wt.%) and the small differences could be related to experimental errors during synthesis procedure. up to 1000°C. The outflowing gases were detected by thermal conductivity detector (TCD).
The formation of coke on the catalysts was analyzed by thermogravimetric analysis (TGA) in equipment TA SDT Q600.
The used catalysts were heated to 1000°C with a rate of 10°Cmin -1 in air flow (50 mLmin -1 ).
The morphology of the coke formed on the catalysts was analyzed by scanning electron microscopy (SEM) using Hitachi TM-1000 equipment. The acceleration voltage was 15 kV, using backscattering electron.
Catalytic tests
The reactions of steam reforming of glycerol were carried out at atmospheric pressure in a fixed bed quartz reactor using 150 mg of catalyst diluted in 75 mg of inert material (SiC) with similar , and both UV and refractive index detectors.
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Catalytic tests
Catalytic activity of nickel supported on Al 2 O 3 , CeO 2 and ZrO 2 in steam reforming of glycerol in terms of H 2 selectivity is displayed in Figure 3 . H 2 selectivity of NiAl catalyst showed a constant The liquid phase of the reactions was analyzed using HPLC. showed high glycerol conversion, close to 100% after 3 h of main reaction product. It is well known that Ni has moderate activity in the watergas shift reaction (Eq. 2) [29] , resulting in low formation of CO, as observed in the tests with NiAl and NiZr catalysts. It can be noticed that the support has definitely a great influence on the catalytic performance. These tests showed that nickel supported on CeO 2 has lower activity for water-gas shift reaction, as a consequence it presented the highest selectivity to CO and the 
King et al. [36] suggested some reaction routes for ethanol production from aqueous phase reforming of glycerol. In their . As in the test of the NiAl catalyst, acetic acid was observed only in the first two hours of reaction.
The formation of lactic acid occurs by the reaction of isomerization of glyceraldehyde (Eq. 7), which is formed from the dehydrogenation of glycerol (Eq. 6) [30] [31] [32] .
(6)
Hydroxyacetone and acrolein are formed from glycerol by dehydration reactions. According to Chai et al. [33] and Corma et al. [34] the dehydration reaction of glycerol can be initiated by either the central -OH (Eq. 8) or terminal -OH (Eq. 9), which results in parallel formation of two enol intermediates. These enols undergo a rapid rearrangement to 3-hydroxypropionaldehyde (3-HPA) and hydroxyacetone, respectively. The 3-HPA can be easily dehydrated to form acrolein (Eq. 8).
(8)
Pompeo et al. [35] proposed some reaction pathways involved in steam reforming of glycerol. In a possible scheme of reactions, the acetaldehyde is formed from pyruvaldehyde coming from the dehydrogenation of hydroxyacetone; the break of a C-C bond of the pyruvaldehyde leads to CO and acetaldehyde (Eq. 10). In this same work, it was also proposed that hydration of acetaldehyde leads to 1,1-ethanediol, which then suffers a dehydrogenation reaction resulting in acetic acid (Eq. 11). The coke morphology was similar for all three catalysts. reaction scheme, dehydrogenation, decarbonylation, and dehydration occur sequentially forming acetaldehyde, which can be hydrogenated to ethanol, according to Eq. 12.
(12)
In our experiments, the ethanol is probable formed from the hydrogenation of acetaldehyde, which is formed from the break of the C-C bond of the pyruvaldehyde, according to Eq 10. This is reinforced by the presence of pyruvaldehyde in the reaction with NiCe catalyst, which was the only catalyst that showed formation of ethanol.
The catalysts after reaction were subjected to thermogravimetric analysis (TGA) to investigate the formation of carbonaceous residues. The quantification of carbonaceous products was carried out from the weight loss shown in FAPERJ and CNPq for the financial support granted to carry out this work.
